The selected catchments are frequently subjected to severe flash floods as a result of heavy rainfall in a short duration period. The aim of the present work is to analyze and assess the possible effects of two flash flood events; i.e. January 2010 and March 2014. The surface runoff water, which can replenish the shallow groundwater aquifers, in both Wadi El Arish (21787 km 2 ) and Wadi Wardan (1385 km 2 ) catchments has been estimated using the HEC-HMS model (version 4). These floods caused a great damage of the infrastructure in both El Arish city at north and Abu Swira town at west, where many buildings have been built in the main trunk of the Wadies without any protection against flooding. Generally, flash floods in desert areas are characterized by high velocity and short duration with a sharp peak discharge (JICA, 1999) .
The base map of the study area ( Fig. 1 ) was compiled from the available geological map of Sinai (1994) (scale 1:250,000). Wadi El Arish flows generally to the north, with Length about 280 km from its upstream (El Egma plateau) until its downstream (Mediterranean Sea), while Wadi Wardan runs to the west with a length of about 60 km and debouches in the Gulf of Suez
The study area has been subjected to intensive studies by many researchers during the last years. Among them are; Dames and Moore (1981) , Abdel Monsef (1991) , JICA (1999) , Morad (2000) , Abdel-Lattif and Sherief (2010) , Moawad (2013) , Shabana (2014) and Abo Shaala (2016) . On the other hand, several studies are cited in the literature relating to rainfallrunoff relationship and hydrograph generation using HEC-HMS software. Among these are; Arekhi (2012) , Halwatura and Najim (2013) , Choudhari et al. (2014) , Gebre (2015) and Fathy et al. (2015) .
Fig. (1). Location map of Wadi El Arish and Wadi Wardan basins.

Geomorphology and Geology of Study Area
Three main geomorphic units are distinguished in the study basins as follows ( Fig. 2) (Dames and Moore, 1981; Abdel Latif, 1985 and Shabana, 2014 ):
The Central Plateau (El Tih and El Egma)
The elevated plateaus (El Tih and El Egma), which are located in the upstream part of Wadi El Arish, cover an area of about 13000 km 2 that is considered as one of the most important watershed areas in Sinai. The maximum ground elevation (above mean sea level) of these plateaus attains about +1626 m at Gebel Genina in the southern portion, while the minimum level reaches +523 m at Gebel El Shaira in the northern portion. In central Sinai, El Tih-El Egma plateaus area, +914 m above sea level is affected by faulting, where to the north from this region, an east-west trending shear zone of a major slip fault with up to 2.5 km displacement called Raqabet El Naam fault. The bedrock of this area is predominantly composed of horizontally bedded Middle and Lower Cretaceous sandstones and limestone and Eocene limestone. In general, the Cretaceous strata on the periphery of the area form a horseshoe pattern around the Eocene limestone. Wadi El Arish and its tributaries cut deep and narrow gorges into the Cretaceous and Egyptian J. Desert Res., 66, No. 1, 137-168 (2016) Eocene limestone and sandstones. Alluvium, and eolian sand deposits make up the surficial geology of this area For Wadi Wardan, the central plateau represents the upstream part of the wadi. Its surface is barren and formed of Upper Cretaceous Limestone. The Plateau rises to about more than 800 m and is dissected on its western slopes by several dry vallies that drain winter runoff westward.
The Hilly Area
The hilly area occupies the northeastern portion of Sinai (midstream of Wadi El Arish). It covers an area of about 17,000 km 2 . It is characterized by local isolated hills as Gebel El Magharah (+750m), Gebel Yelleq (+1087m), Gebel El Halal (+892m), Gebel El Giddi (+840m), Gebel El Minsherah (+570 m) and Gebel Talat El Badan (+400m). These mountains are formed of elongated doubly plunging dome-like anticlines arranged in several rows running in northeast-southwest direction (Syrian Arc trend). The strata that form the anticlines are predominantly Cretaceous limestone, dolomite marl and sandstone. Outliers of Eocene chalk and limestone occur in the synclinal lowlands between the anticlines or along their flanks. The middle and lower Cretaceous limestone and sandstone form the uplifted areas of the anticlines. Alluvial deposits and sand dune of Quaternary age occur in major portions of this area.
The Northern and Western Coastal Plains
The coastal plain occupies the northern and northwestern portions of Sinai (downstream part of Wadi El Arish). The surface of this area is gently undulated and is marked by stranded ridges of thick sand dunes. The surface deposits in this sector belong to the Quaternary age, including Pleistocene and Holocene. The Pleistocene consists of fanglomerate and alluvial, while the Holocene consists of playa and sand dune deposits.
For Wadi Wardan, this plain is located in the middle stream and the downstream part of the Wadi. On the extreme west, the coastal plain extends parallel to the Gulf Coast in the form of narrow belt of drift sands and small scattered sand dunes. The coastal plain is covered with recent deposits in the form of coarse sand and gravel in the midstream and loam and sand downstream. The shallow subsurface succession consists mainly of Pliocene and Pleistocene gravel, sand and clay.
MATERIALS AND METHODS
Catchment Characteristics
The watershed characteristics of the studied Wadies are evaluated using the digital elevation model (DEM) of Sinai ( Fig. 3) with 30 m resolution and Geographic Information System (GIS) Software (ILWIS 3.4, 2007) .
Wadi El Arish
Wadi El Arish represents the largest drainage basin in Sinai. It covers an area of approximately 21787 km 2 , i.e. 36% of the total area of Sinai Peninsula .It debouches into the Mediterranean Sea. It is located in the central and northern parts of the peninsula (between Long. 33° 10' and 34° 40' E and Lat. 29° 00' and 31° 00' N). The main channel flows generally towards the north, having a length about 280 km. Using the GIS Software (ILWIS 3.4, 2007) the whole drainage basin of Wadi El Arish is divided into 8 sub-basins of different areas and different features (Table 1 and Fig. 4) . It is noticed that El Roak sub-basin, which run from south to north, represents the largest sub-basin, followed by El Hassana and El Bruk sub-basin (run from the west to the east).
According to the digital elevation model (DEM) of Sinai, the elevations of Wadi El Arish range from 1300 m above mean sea level at El Egma Plateau (upstream area) to the sea level at its downstream portion (Mediterranean Sea).
A longitudinal profile along the main trunk of Wadi El Arish is plotted (Fig. 5) , where the following can be noticed;
 Wadi El Arish is characterized by steep slope in the upstream part of the basin (155 km from its origin), where the slope is about 6.5 m/km, while in the midstream and downstream of the Wadi, the slope of the main trunk gets more gentle (2.1 m/km). This slope gradient variation is due to the structural role and the geomorphic feature (Hassan, 2002) .  The tributaries of three sub-basins (El Bruk, El Roak and Aqabah) are joined in one point, which represents the northern edge of El Egma plateau, indicating the following; i. There is a change in slope in this point from 6.5 to 2.1 m/km ii. The groundwater possibility at this points is quite high. iii. This point receives runoff from three sub-basins, where runoff water harvesting is quite promising.  In the downstream of the Wadi, where the slope is gentle, the groundwater recharge by surface runoff is quite expected due to low flow velocity.  The widest part of Wadi El Arish (153 km) is located at the northern edge of El Egma plateau (latitude 30°00'00"), while in the downstream of the wadi, the width gets very narrow (5.0 km) due to the presence of Gebel El Hallal, which acts as a gorge. In other words, the delta of Wadi El Arish, is very narrow comparing with the width of the basin itself. Fig. (2) . Geomorphologic map of Sinai (Shabana, 2014) . (Fig. 7) . The elevations in Wadi Wardan range from 800 m above mean sea level in the upstream to 4.0 m in its downstream (Gulf of Suez). The length of the main channel is 60 km. The sedimentary rocks, which prevail in the Wadi range in age from Upper Cretaceous to Quaternary. The Upper Cretaceous covers the upstream part of the wadi, representing the surface runoff part in the Wadi, where it is characterized by very steep slope (17.7 m/km). The midstream of the Wadi is covered by lower Miocene sandstone, belonging to the Tertiary age. The slope of the main trunk gets less steep than the upstream (10 m/km). The delta of the Wadi is covered by Quaternary deposits, which comprises the main aquifer in the downstream of the Wadi. It is composed of alluvial deposits, which are made up of gravel intercalated with varicolored clay and calcareous sandstone (Hassanein, 1989 and Misak et al., 1995) . In order to understand the main difference between Wadi El Arish and Wadi Wardan, a brief comparison for the main characteristics of these Wadies are given below (Table 3) . 
RESULTS AND DISCUSSION
Storm Analysis
Climatic conditions of Sinai Peninsula are characterized by extreme aridity, long hot and rainless summer and a mild sporadic rainy winter. Rainfall is frequently occurring during the autumn (October and November) and winter (January and February) seasons. The temperature varies from 35.1°C in August and 18.75°C in winter (January). The potential evapotranspiration ranges from 5.5 mm/day in July to 1.9 mm/day in January. Relative humidity attains its maximum value (75%) in August and minimum of 60% in December (EMA, 1994) .
Despite the fact that Sinai is classified as an arid zone and its water resources are limited, it is frequently subjected to heavy rainy storms, which produce flash floods. The flash floods cause many disasters for the main infrastructure in the study area, also play an important role in recharging the groundwater aquifers. In general, Wadi El Arish watershed receives an average annual rainfall volume of 981.3*10 6 m 3 in the rainy season (November -March), from which about 10.1*10 6 m 3 is downstream runoff (Gheith and Sultan, 2000) . The Rwaffa storage Dam was constructed in 1946, 50 km to the south of El Arish city, with storage capacity of 3.0*10 6 m 3 of runoff water, in order to protect El Arish city from the effect of flash flood. The storage capacity of the dam has been increased in 1987 to hold 5.5*10 6 m 3 of water (Moawad, 2013) . 8.15
The Storm of 17-18 January 2010
In this research, two storms; January 2010, which represents the winter season in Sinai and March 2014, which occurred in spring season are selected to be analyzed. The rainfall data is collected from the websites for satellite data (NASA, 2010 and Global Weather, 2014) .
The storm of January 2010 has great effects on Wadi El Arish and Wadi Wardan. From the field observation, during a field trip in Wadi El Arish after the storm, the following was noticed:
 Once the lake behind the Rafwaa Dam had stored 5.5*10 6 m 3 of water, therefore, the runoff water exceeded the height of the dam and the average height of the water was about 0.5 m over the dam. The runoff water passed the dam caused serious effects on El Arish city and its surrounding.  Due to the physical settings of Delta Wadi El Arish, where its width is very narrow (5.0 km width only), the runoff in the Delta gets very strong with high velocity and the effect of such runoff on the drilled wells in the vicinity of the Delta is very limited.  In Delta Wadi El Arish the monitoring results showed that after the flood, an average increase in the water levels was occurred with a range that varies between less than 10 cm and 2.3 meters, with decrease in water salinity (Shawki, 2011) . The duration of the storm was 30 hours; i.e. the storm began at 12:00 in 17 January until 18:00 in 18 January. In Wadi El Arish, the maximum rainfall was recorded at 17 January between 3:00 and 9:00, where it reaches 66.0 mm during six hours. The rainfall intensity of this storm was calculated and plotted for Wadi El Arish and Wadi Wardan (Fig. 8 and 9 ). The maximum rainfall intensity (peak of the storm) for Wadi El Arish was 2.2 mm/h located at the central part of the wadi and decrease to the north and south direction. This maximum rainfall point is located at northern edge of El Egma plateau (30° 00' 00" N and 33° 45' 33" E). The minimum rainfall intensity is 0.2 mm/h located in the upstream part of wadi El Arish (29° 00' 00" N and 33° 45' 33" E).
While, in Wadi Wardan, the maximum rainfall recorded was 31.95 mm between 15:00 to 21:00 at 17 January. The maximum rainfall intensity was 1.2 mm/h, located at point 29° 50' 00" N and 33°15' 00" E, which represents the midstream part of Wadi Wardan. The minimum was 0.40 mm/h, located in the southern part of the Wadi. It can be noticed from fig. (9) that the maximum rainfall is concentrated in the midstream of the Wadi (Lower Miocene Limestone) and decrease in the north, south and east direction.
Longitudinal profiles are plotting showing the relation between maximum rainfall (mm) and elevation (m) (above mean sea level) along the main trunk of the Wadies (Figs. 10, 11 ). These profiles indicate that the rainfall behavior is not related to the elevation i.e. there isn't a direct relation between the rainfall values and the elevation. This is clear in the storm of 2010, where the peak of the storm is located in the midstream of the Wadies, where the elevation is medium; 365 m and 164 m for Wadi El Arish and Wadi Wardan respectively.
The Storm of 10 March 2014
In spite of this storm is less in magnitude and duration than the storm of 2010, it caused a great damage especially in the delta of Wadi Wardan (Abu Sewira town). The duration of this storm was 20 h. The maximum rainfall was 29.26 mm in Wadi El Arish, while in Wadi Wardan, it was 19.0 mm. Fig. (12 and 13) show the rainfall intensity distribution for this storm in the studied Wadies. It can be noticed that for Wadi El Arish, the maximum rainfall intensity (1.46 mm/h) is located in the upstream of Wadi El Arish at the point of highest elevation in the Wadi and decrease to the north and west direction. While for Wadi Wardan, the maximum rainfall intensity was 0.95 mm/h and located in the upstream of the wadi and decrease in the northwest direction.
From the longitudinal profiles of Wadi El Arish and Wadi Wardan ( Fig. 14 and 15) , the peak of the storm is located in the point of high elevation in the upstream of the Wadies; 1300 m for Wadi El Arish and 800 m for Wadi Wardan.
Table (6) shows the main differences between the two storms on Wadi El Arish and Wadi Wardan. 
. Catchment area
According to the geological and morphmetrical characteristic of the studied Wadis, Wadi El Arish and Wadi Wardan are subdivided into a number of sub-basins as mentioned before (Tables 1 and 2) . From these tables, the data of sub-basins area for each Wadi; including catchment area (km 2 ), basin length (km) and average slope (m/km) are used as input data for the model (Table 7) .
Rainfall data
The recorded data of the two storms (17-18 January 2010 and 10 March 2014) are used in the HEC-HMS model. The start and end of date and time of each storm are entered as input data in the model. The precipitation-time distribution are entered with a time step of three hours (Table 7) .
Losses calculation
Rainfall, which doesn't contribute to direct runoff, is considered to be a rainfall loss (Ponce, 1989) . The initial loss (Ia) is empirically derived from the maximum soil water retention (S), which is related to the soil drainage characteristics (e.g. CN values). (Ia) accounts normally for losses due to evaporation, plant uptake, and water retained in surface depressions during the rainfall event. (S) accounts for the total amount of water retained in the drainage basin during the rainfall event. Soil Conservation Service (SCS, 1986) method is applied for losses calculations. The equations used for the calculation of initial loss are as follows:-…P>0.2S……….. (1) Where; Q = Surface runoff depth (mm) P = Total Rainfall depth (mm) S = the potential retention parameter or surface storage after runoff begins (mm) that is a function of an empirical curve number CN coefficient where;
The Curve Number (CN) is a coefficient that expresses the runoff potential of the area. It is a function of the moisture condition, the land use, the hydrologic condition and the soil type. The range of the Curve Number (CN) is obtained from standard tables according to the soil type and cover of each basin. The curve number is always less than 100. High curve numbers (>90) represent little or no infiltration, while low curve numbers (<50) represent pervious surfaces. According to (SCS, 1986) classification of hydrologic soils, the Quaternary deposits in the study area were classified as type A soil with curve number of 63-70, while the sandstone and marl deposits of Miocene rocks were classified as type B, which has curve number of 77-80 and the fractured limestone (Upper Cretaceous rocks) as type C with a curve number 80-88. A weighted average CN is calculated according to percentage of the total sub-catchment area with its corresponding CN using the following equation (Table 7) :
……………….. (3)
Where;-CN i corresponds to the appropriate CN for the part of watershed that has an area A i .
Lag time calculation
Lag time is an important factor for quantifying the time response of runoff in a given basin. It is defined as the time interval from the center of mass of rainfall excess to the center of the peak of runoff hydrograph (Granato, 2010) . Catchment lag is empirically related to catchment characteristics. The lag-time can be calculated according to the following equation (Ponce, 1989) ;
………………… (4) Where: T L = Catchment lag time (hours.) L = Basin length (length measured along the main stream from outlet to divide L C = length to the centroid (length measured along main stream from outlet to a point located closed to the catchment centroid) S = slope of the basin (m/km) C and N are empirical parameters determined according to the catchment surface type. In case of mountain drainage areas, the estimated values for C and N are 0.35 and 0.38 respectively (Table 7) .
Table (7). Main Elements as input in HEC-HMS for sub-basins of Wadi El
Arish and Wadi Wardan.
Routing method
Routing is the movement of the runoff from the different watersheds outlets throughout the system along the stream, and ultimately to the outlet or sink of the entire watershed system (Chow et al., 1988 The Value of X depends on the shape of the wedge storage to be modeled, and ranges from 0 for reservoir-type storage to 0.5 for a full wedge. In natural streams, X is between 0 and 0.3 with a mean value near 0.25. K is the time required for an incremental flood wave to traverse its reach, and it may be estimated as the observed time of travel of peak flow through the reach.
The following values were used in the program:
X= 0.25 K = 0.55
Hydrograph Generation
All the above data are used to generate runoff hydrographs for each sub-basin in Wadi El Arish and Wadi Wardan, for the two storm events (January 2010 and March 2014), in order to identify the relation between the rainfall and runoff and to estimate the runoff volume. The results are plotted and discussed as follows;
Wadi El Arish
For each sub-basin of Wadi El Arish (Fig. 16) , the peak discharge and runoff volume are calculated and the hydrographs are plotted for the two storms (Table 8 ). The runoff depth and runoff coefficient are calculated using the following equations (Ponce, 1989) :
The runoff coefficient is the relation between the runoff depth and rainfall depth, which represent the amount of rainfall transmitted to runoff.
The results show that Wadi El Arish receives a huge amount of runoff water during the storm of 2010 (107.68 *10 6 m 3 ), with peak discharge equals to 1382.5 m 3 /s. In the storm of 2014 the total runoff volume was 16.1*10 6 m 3 and the peak discharge was 279.1 m 3 /s. Wadi El Roak (5988 km 2 ), which represents the largest sub-basin in Wadi El Arish, produced the maximum runoff for the two storms.
To indentify the most severe sub-basin for flash flood, Wadi El Arish was subdivided into three main categories according to the flow direction (table 9) as follows;
 El Roak sub-basin (5988 km 2 ), which represents about 27.5% of the total area of Wadi El Arish and runs from south to north.
 El Bruk and El Hassana sub-basins (32.7%) and running from west to east  Aqabah, Abu Qurayah, El Qussiama and Umm Shihan subbasins (40.3%) and running from east to west. From table (9), the following can be concluded;  For storm 2010, it can be noticed that the runoff volume flows from south to north (61.6*10 6 m 3 ) represents about doubled that coming from the west and east (24.6*10 6 m 3 and 21.0*10 6 m 3 respectively).  The peak discharge produced from the west and east sub-basins are almost equal (489.6 m 3 /s and 447.7 m 3 /s), while the peak discharge coming from the south (996.2 m 3 /s), represents, doubled that coming from the west and east.  For storm 2014, the maximum runoff volume is coming from the south sub-basins (El Roak). It was noticed that, when the rainfall depth is less than the initial loss of the soil (10 mm) no runoff was produced. This is very clear for the west sub-basins, where the runoff volume is equal zero.  The highest values for runoff depth and runoff coefficient, for the two storms (2010 and 2014), are in El Roak sub-basin, where the runoff coefficient is 27.65% and 15.88% for storm 2010 and 2014, respectively. This means that more than 27% of the rainfall transform to runoff.
In conclusion, El Roak sub-basin represents the most severe subbasin in Wadi El Arish. A proposed storage dam is suggested in the outlet of Wadi El Roak, which represents the point of intersection of three sub-basins (El Roak, El Bruk and Aqabah), in order to store the flood water and protect El Arish city from flood risk. The computed runoff hydrograph of El Arish basin for the storms 2010 and 2014 are plotted (Fig. 17 and 18) , the results extracted from these figures are shown in table (10) 
Wadi Wardan
This Wadi is divided into four sub-basins ( fig. 19 ). For each subbasins, a hydrograph is calculated and plotted using all the available data. Table  ( 11) shows the output parameters of Wadi Wardan, from which the following can be noticed:
 For the storm of January 2010, in the outlet of the Wadi, the peak discharge was 312 m 3 /s with runoff volume equal to 8.9*10 6 m 3  For the storm of March 2014, the peak discharge was 52.1 m 3 /s and the runoff volume was 1.5 *10 6 m 3 .  For the two storms (2010 and 2014), Somar sub -basin, which is located in the upstream of wadi Wardan and runs in east-west direction gives the maximum discharge and consequently the maximum runoff volume.  The delta of the wadi share with a very small part in the runoff volume (0.037 *10 6 m 3 )  The runoff depth ranges from 9.788 mm to 0.147 mm for storm 2010, while for storm 2014, the runoff depth is less (1.3 mm to 0.69 mm). The runoff coefficient varies between 36.55% to 0.76 % for storm 2010, which means that about 36% of rainfall is transmitted to runoff. For storm 2014, the values range from 13.04% to 5.6%.  For storm 2014, in the delta area, the runoff is equal zero where the rainfall depth (10.6 mm) is less than the initial loss (15.17 mm). In general, the rainfall depth must be greater than initial loss, in order to get runoff. The computed runoff hydrographs for Wadi Wardan for the storms 2010 and 2014 are plotted ( Fig. 20 and 21 /s) at 16 January at 97:00, i.e. after 29 hours from the start of runoff.
Fig. (19). Drainage basins of Wadi Wardan using hydrologic model (HEC-HMS).
For Storm March 2014
 There is a lag time of 1.5 hours between the start of the storm and the start of runoff  The duration of the runoff was 33 h, i.e. the runoff continued for 13 hours after the end of the storm. 
The runoff reaches its maximum (52.0 m 3 /s) at 10 March at 14:30, i.e. after 13.5 hours from the start of runoff. However, actual observed data for runoff are lacking in both Wadies, due to the absence of any hydraulic constructions for runoff measurement. This makes the calibration of the simulated data becomes difficult. Rainfall and runoff gages are needed everywhere in Sinai for runoff detection, protection and storage. On the other hand, the installation of telemetric meteorological stations on the upstream of the Wadies will help a lot for water resource studies, since there is a great lack of meteorological data in the area of study.
CONCLUSION
In general, the analysis of rainfall storms indicates that they have not the same behavior neither spatially nor temporally, where they differ from one locality to another and from time to time. In other words, the behavior of both storms (2010 and 2014) are completely different, where in the storm of 2010, there is no obvious relation between the rainfall amount and the ground elevation of sub-basins, while for the storm of 2014, this relation is very prominent, where the points of maximum elevation receive the maximum rainfall.
In Wadi El Arish, El Roak sub-basin which run from the south to the north represent the largest sub-basin in area, and consequently gives the peak runoff rate and the maximum runoff volume. The summation of subbasins coming from the west (El Bruk and El Hassana) and those coming from the east (Aqabah, Abu Qurayah, El Qussiama and Umm Shihan) give runoff volume less than El Roak sub-basin, which represents the most severe runoff sub-basin in Wadi El Arish. A proposed storage dam is suggested in the outlet of Wadi El Roak, at the intersection of three subbasins (El Roak, El Bruk and Aqabah), in order to store the flood water and to replenish the shallow ground water aquifer.
In Wadi Wardan, Somar sub-basin, which is located in the upstream of Wadi Wardan and run east-west direction, gives the maximum discharge and consequently the maximum runoff volume. A proposed storage dam is also suggested in the outlet of Somar sub-basin, which intersects with the outlet of El Fawiqyah sub-basin.
